Developmental Biology Select  by unknown
Leading Edge
Developmental Biology Select
This Developmental Biology Select discusses recent progress toward understanding the regulation of stem cell division
and the impact of stem cell self-renewal on tissue homeostasis. New findings include the discovery that stem cell
division is diminished by misorientation of centrosomes during aging. Other recent work sheds light on the effects
of stress signaling on stem cell proliferation, reveals the presence of an actively cycling population of hair follicle
stem cells, defines factors that maintain hematopoietic stem cell quiescence, and provides insight into the formation
of lateral roots in plants.
Stem Cells Falter When Centrosomes Step Out of Line
The centrosomes of germ stem cells (GSCs) of the male fruit fly are typically oriented perpen-
dicular to the hub cells that comprise the stem cell niche. During asymmetric division of the
GSC, the daughter that remains in contact with the hub cell retains stem cell properties,
whereas the daughter that lacks contact with the niche gives rise to the transit-amplifying cells
whose progeny ultimately give rise to mature sperm. Recent findings by Cheng et al. (2008)
show that centrosome misorientation is a major factor contributing to the decline in spermato-
genesis observed during aging in the fruit flyDrosophila. They show that the frequency of GSCs
with misoriented centrosomes steadily increases as flies age. Although these misoriented
GSCs retain the ability to divide, they do so less frequently than GSCs with correctly oriented
centrosomes. The authors also provide evidence that misoriented GSCs first need to reestab-
lish the correct orientation before mitosis will occur. Hence, the net effect of misorientation is
a decrease in GSC division that leads to a failure to maintain tissue homeostasis. Interestingly,
one source of misoriented GSCs appears to be spermatogonia that dedifferentiate to occupy
a vacant stem cell niche. Although dedifferentiated cells serve to replenish the stem cell pool,
it appears that their effectiveness in restoring youthful spermatogenesis is impaired by an ele-
vatedpropensity for centrosomemisorientation. Futureworkmaydelve further into the cell-intrin-
sic factors that lead to centrosomemisorientation or could explore whether changes in the niche
are a major contributing factor. Given that stem cell self-renewal and proliferation in many tissues relies upon asymmetric cell
division, this discovery may have widespread relevance, in particular for stem cells that reside in niches with a defined polarity.
J. Cheng et al. (2008). Nature. Published online October 15, 2008. 10.1038/nature07386.
Aging Tissue Burdened by Too Much JNK
It is often said that stress takes a toll on the body. In their new work, Biteau et al.
(2008) provide insight into the mechanisms by which stress signaling impacts
tissue maintenance and regeneration. They show in the fruit fly Drosophila that
elevated activity in the Jun N-terminal kinase (JNK) pathway contributes to im-
paired tissue homeostasis during aging. The JNK pathway is a core mediator
of the cellular responses to environmental stressors, including oxidative stress.
Although JNK activity is cytoprotective, its action in the Drosophila gut comes
with a costly trade-off—an increase in stem cell proliferation and concomitant
accumulation of daughter cells that differentiate abnormally. The authors link
an increase in JNK activity to excess production of cells expressing escargot,
a marker of intestinal stem cells, and the formation of abnormal clusters of their
undifferentiated progeny. Likewise, the proportion of normally differentiated en-
dothelial cells is concomitantly decreased during aging. Does this mean that decreasing JNK signaling might improve tissue
homeostasis? In this case, the answer appears to be yes. Reducing JNK activity improves gut morphology in older flies but
comes at the cost of reduced tolerance to oxidative stress. The authors also provide evidence that the Notch pathway may
act as an endogenous brake on the stem cell proliferation promoted by JNK. Yet, elevated Notch signaling also contributes
to abnormal differentiation. As with JNK, reducing Notch activity moderately delays the formation of abnormal cell clusters,
but this too comes with a cost—an increase in the potential for unchecked stem cell proliferation. Growing old, it would
appear, entails a series of difficult compromises.
B. Biteau et al. (2008). Cell Stem Cell 3, 442–455.
Lgr5-Positive Stem Cells Are Not the Quiescent Type
Newwork by Jaks et al. (2008) reveals the presence of a population of stem cells in the hair follicle that are both long-lived and
rapidly cycling. Building on the recent discovery that the seven transmembrane receptor Lgr5 marks a population of actively
cycling stem cells in the intestine, the authors sought to characterize Lgr5-positive cells in mouse hair follicles. This led to the
identification of a previously uncharacterized population of stem cells that can both give rise to new hair follicles and continue
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to do so for long periods of time. These findings stand in contrast to previous reports
suggesting that label-retaining cells of the bulge region are the primary source of hair
follicle stem cells. Unlike label-retaining cells, which are largely quiescent, Lgr5-pos-
itive stem cells are actively cycling. Another interesting difference suggested by their
findings is that Lgr5-positive stem cells do not apparently rely on a singular niche,
such as the bulge region, to maintain pluripotency. Although these findings raise
questions about the contribution of quiescent label-retaining cells of the bulge to
hair follicle growth and maintenance, the authors suggest the possibility that quies-
cent and cycling stem cell populations could have different functions, as has been re-
cently reported for olfactory neural stem cells. In that case, the quiescent stem cell
population is activated after tissue damage, whereas the cycling stem cell population
maintains normal tissue replacement. Whether a similar situation occurs in the hair
follicle awaits further investigation.
V. Jaks et al. (2008). Nat. Genet. Published online October 12, 2008. 10.1038/ng.239.
The Rb Family Maintains Stem Cell Quiescence
Although hematopoietic stem cells (HSCs) have the capacity to rapidly expand and reconstitute all types
of blood cells, under normal conditions most are quiescent. To examine the role of the Retinoblastoma
(Rb) tumor suppressor gene family in HSC quiescence, Viatour et al. (2008) examined HSC behavior in
mice with loss of all three Rb family members: Rb, p107, and p130. Prior work had shown that the effects
of Rb loss on hematopoiesis are relatively minor. However, given extensive redundancy among the Rb
proteins, the authors reasoned thatmore dramatic phenotypeswould be observed from the simultaneous
loss of all three family members. The assumption is borne out by their results, as mice lacking expression
of Rb, p107, and p130 in HSCs display a marked elevation in myeloid cell production, an increase in the
number of HSCs, and an increase in the proportion of HSCs actively cycling. Although the HSCs in the
knockout mice have greater proliferative potential and can out compete wild-type HSCs over the short
term, their engraftment potential over the long term is dramatically attenuated. These findings reveal
the collective impact of Rb family members on HSC quiescence and their importance for long-term
stem cell engraftment and homing. The authors also characterize the changes in gene expression in com-
bined pools of HSCs and multipotent progenitors to show that loss of the Rb family members may prime cells to follow a
myeloid fate. Futureworkmay explore themechanisms bywhich loss of Rbproteins contributes to changes in gene expression
and determine which changes are the most critical to the loss of HSC engraftment potential and for the tendency of their
progeny to adopt myeloid fates.
P. Viatour et al. (2008). Cell Stem Cell 3, 416–428.
ACR4 Provides the Foundation for Root Branching
The branching of plant roots is initiated by a small number of founder cells in the peri-
cycle (the layer of cells just interior to the endodermis). Working with the model plant
Arabidopsis, De Smet et al. (2008) used a combination of live imaging and microarray
data to characterize the morphological events that create these founder cells and to
uncover genes regulating their specification. They show that the lateral root founder
cells are created through a series of cell divisions with the first set of asymmetric
divisions perpendicular to the surface of the root. Subsequently, the two central cells
of the resulting cell cluster undergo division parallel to the surface to complete forma-
tion of the lateral root primordium. The authors used exogenous application of the plant
hormone auxin, a known inducer of lateral branching, to examine gene expression in
pericycle cells isolated by fluorescence-activated cell sorting during lateral root initia-
tion. The authors focused their attention on the only gene that passed all of the filters
established for the screen, the receptor-like kinase ARABIDOPSIS CRINKLY4
(ACR4). They show that ACR4 is expressed by the central cells and that it is needed
to repress cell division in regions of the pericycle flanking the founder cells, so as to
restrict the program for lateral root initiation to a discrete region. Similarly, ACR4 is also shown to repress division of columella
cells at root tip meristem. Future work may establish how the localized expression of ACR4 is regulated and the mechanisms
underlying its effects on cell division.
I. De Smet et al. (2008). Science 322, 594–597.
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